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I.  INTRODUCTION 

A.  Purpose: 

The  purpose  of  this  report  is  to  assist  base  level  physicians  and 
other  health  care  providers  in  assessing  possible  health  effects  due  to  radio 
frequt'ticy  radiation  (RPR)  exposures. 

B.  Pr’oblem: 

There  is  much  confusion  in  the  medical  literature  regarding  RFR  and 
its  biological  effects.  Few  health  care  providers  have  sufficient  knowledge 
of  the  ptiysical  sciences  to  be  able  to  determine  the  validity  of  many  medical 
RFR  studies.  Because  of  these  factors  many  medical  reports  on  individuals 
thought  to  be  exposed  to  RFR  are  either  lacking  in  the  scope  necessary  for 
complete  examination,  or  more  often,  are  unnecessarily  broad.  Worse  yet, 
there  is  a  tendency  to  attribute  physical  findings  to  RFR  in  the  absence  of 
any  reasonable  correlation  of  RFR  and  the  finding.  This  report  is  written  in 
the  hope  of  alleviating  some  of  these  problems. 


C.  Scope: 

This  report  will  present  basic  information  regarding  RFR,  its  biolog¬ 
ical  effects  and  some  of  the  thinking  behind  the  current  Air  Force  RFR  safety 
guideline,  AFOSH  Standard  161-9.  Also  included  is  a  suggested  Operating 
Instruction  (01)  for  a  medical  workup.  It  is  intended  as  a  clinical  guide  for 
clinicians  and  not  as  the  final  word  on  the  science  of  RFR.  Its  contents  must 
be  viewed  in  this  context. 


II.  DI.SCUSSION 

Heading  of  AFOSH  Standard  l6l-9,  "Exposure  to  Radio  Frequency  Radiation," 

1  <•’  October’  198^  is  recommended.  This  has  a  good  section  on  biological  effects 
ami  basic  information  pertaining  to  RFR.  Also  recommended  are  the  ACGIH 
Tiireshold  Limit  Values  Handbook;  Documentation  of  the  Threshold  Limit  Values; 
and  USAFSAM-TR-83 - 1 ,  Bioeffects  of  Radiofrequency  Radiation. 

RFR  is  considered  to  be  that  portion  of  the  electromagnetic  spectrum  from 
1  (J  kHs  to  300  GHz.  At  its  upper  end  it  blends  with  long  wave  infrared.  It 
shar'e.’  all  of  its  physical  characteristics  with  other  segments  of  the  electro¬ 
magnetic  r.()ectr  um;  that  is,  it  consists  of  component  electric  and  magnetic 
fields  prrjpagated  in  space  as  waves.  The  interaction  of  these  waves  with 
matter  d(>pends  on  the  wavelength,  power  and  polarization  of  the  wave  and  the 
size,  shape,  orifntation  and  nature  of  the  matter.  In  general,  with  regard  to 
hum  in  t'*;ings,  it  can  be  said  that  the  longer  the  wavelength  the  greater  the 
depth  of  [jenetr-at ion  into  the  body  and  the  shorter  the  wavelength  the  less  the 
d(>f)th  of  penetration.  Wavelengths  of  3  cm  or  less  (10  GHz  or  more)  are 
atjsorbed  in  the  skin.  Depth  of  penetration  is  only  one  factor;  however, 
energy  deposition  is  the  key  issue.  In  general,  the  greatest  absorption  in 
adult  iiurnans  takes  place  at  70  to  80  MHz  if  they  are  not  grounded  and  35  to  ^0 
MHz  if  they  are.  .Specific  conditions  at  the  time  of  exposure  may  cause  this 
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to  vary.  The  mechanism  for  transfer  of  energy  to  human  body  by  RFR  is  by 
vibration/rotation  of  dipole  molecules,  mainly  water.  The  result  is  an 
increase  in  heat  due  to  friction.  An  increase  in  temperature  may  or  may  not 
result  depending  on  the  thermoregulatory  properties  of  the  body.  Since  to 
date  no  robust  effect  of  RFR  has  been  demonstrated  that  does  not  relate  to 
thermogenesis,  and  since  varying  wavelengths  deposit  varying  amounts  of 
energy,  the  concept  of  specific  absorption  rate  (SAR)  was  developed.  This  is 
a  measure  of  the  rate  of  energy  transfer  to  the  body  normalized  to  body  mass 
and  is  equivalent  to  the  power  transferred.  Heat  generated  is  directly  pro¬ 
portional  to  power  absorbed.  At  a  SAR  of  *4  W/kg  the  energy  absorption  within 
the  human  body  may  result  in  a  detectable  increase  in  core  body  or  spocif’ic 
organ  temperature  of  one  centigrade  degree  or  less.  The  only  demonstrated 
effect  in  organs  maintained  at  this  increase  over  normal  is  a  decrease  in 
spermatogenesis  due  to  heat.  This  decrease  in  spermatogenesis  reverses  on 
cooling.  In  addition,  the  body  heat  regulatory  mechanisms  of  most  normal 
individuals  can  adequately  handle  such  loads.  For  comparison  the  average 
running  man  generates  5  W/kg  of  metabolic  heat  and  the  human  heart  muscle  can 
generate  33  W/kg.  To  ensure  safety,  the  Permissible  Exposure  Limit  (PEL)  was 
set  at  a  SAR  of  0.4  W/kg  for  frequencies  above  3  MHz.  This  is  aver-aged  over 
any  six-minute  period.  The  curve  of  power  density  in  mW/cm*  versus  frequency 
which  will  give  a  SAR  of  0.4  W/kg  can  be  found  in  the  ACGIH  TLV  handbook.  The 
same  curve  presented  as  a  table  can  be  found  in  AFOSH  Std  161-9,  12  October 
1984,  entitled  "Permissible  Exposure  Limits  for  Personnel." 

In  considering  biological  effects  from  the  clinical  standpoint,  we  should 
keep  in  mind  the  pre-eminence  of  thermal  effects  as  the  agent  of  damage. 
Cataracts  and  vacuoles  have  been  produced  in  animal  eyes  with  power  densities 
equal  to  or  greater  than  100  mW/cm*  delivered  locally  and  acutely  for  is 
minutes  or  more.  This  correlates  with  temperatures  in  the  eye  of  41 °C  (106“F) 
or  more.  It  has  been  difficult  to  produce  cataracts  in  animals  with  whole 
body  RFR  without  killing  the  animal.  In  animals  overexposed  directly  to  the 
eye  all  cataracts  and  vacuoles  were  present  by  the  end  of  the  third  day. 

At  frequencies  below  3  MHz  the  Air  Force  has  adopted  a  maximum  power 
density  of  100  mW/cm*.  Air  may  become  ionized  at  frequencies  over  10  KHz  at 
approximately  1,000  kV/m  and  can  result  in  potentially  hazardous  electric 
discharges.  Because  of  this  the  PEL  contains  a  100  kV/m  limit  which 
incorporates  a  safety  factor  of  10. 


III.  CONCLUSIONS 

Specifically,  then,  we  would  look  for  thermal  burn,  signs  of  electric 
shock  and/or  burn,  and  fairly  prompt  cataract  formation.  Prompt  evolution  of 
clinical  problems  should  be  expected.  In  a  review  of  296  suspected  cases  of 
overexposure  in  the  USAFOEHL  accident  file,  only  58  were  in  fact  expor.ed  above 
the  PEL.  About  half  of  the  58  (26)  clearly  felt  a  warming  anl  terminated  the 
exposure.  Of  those  determined  not  to  have  been  overexposed  only  11J  felt  a 
warming  sensation.  By  way  of  interpreting  a  warming  sensation,  26  overexposed 
and  26  people  not  overexposed  felt  warming.  This  means  that  one  is  as  likely 
as  not  to  have  been  overexposed  if  warming  is  noticed.  Conversely,  if  no 
warming  is  noticed  there  is  only  a  1 3/t  chance  of  having  been  overexposed. 
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Keep  in  mind  alno  the  safety  factor  of  10  in  the  PEL.  Overexposure  does  not 
necessarily  mean  exposure  to  biologically  meaningful  levels. 


IV.  RECOMMENDATIONS  FOR  EXAMINATION 

A.  History: 

1.  Present  Illness.  Where  possible  include  the  following 
information: 


a.  Type  of  equipment  involved  in  the  exposure  with  model  number 
and  radio  frequencies  emitted. 

b.  Distance  from  the  source  to  the  person. 


c.  Length  of  time  exposed. 

d.  If  exposure  was  intermittent,  then  give  longest  individual 
time  exposed  as  well  as  overall  time  period  exposed. 

e.  Were  any  unusual  noises  heard  in  the  ears? 


f.  Was  a  sensation  of  heat  experienced  and  if  so,  where  on  the 

body? 

g.  What  body  parts  does  the  person  believe  were  exposed? 

h.  Does  a  previous  history  of  RFR  overexposure  exist? 

i.  Does  a  previous  history  of  overexposure  to  any  chemical  or 
phyr.ioal  igent  exist? 


Par.t  Medical  History. 


a.  List  all  types  of  work  ever  done,  not  only  in  the  Air  Force 
but  pr'<!vi()usly ,  if  applicable. 


b.  The  remainder  of  the  past  medical  history  is  standard. 


3.  Complete  review  of  systems. 

H.  '’hysical  Examination; 

■Systu^ms  of  primary  interest  are  the  eyes  and  skin.  The  signs  to  be 
sought  are  cataracts  and  burns. 

a.  Eyes.  Initial  examination  should  describe  the  condition  of 
the  akin  around  the  eyes  as  well  as  the  eye  itself.  Slit  lamp  examination 
should  be  accomplished  as  soon  as  practicable.  If  any  question  is  raised  by 
slit  lamp  examination,  referral  should  be  made  to  an  ophthalmologist  for 
dilated  slit  lamp  examination. 
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b.  Skin.  Observe  for  signs  of  heat-induced  change  and  electrical 
burn.  Note  findings,  to  include  negative  findings. 

c.  The  remainder  of  the  examination  should  be  as  pertinent. 

C.  Laboratory  Studies: 

These  should  be  as  indicated. 

No  single  test  has  any  peculiar  virtue.  Routine  tests,  if  done, 
should  be  limited  to  CBC  and  UA.  Any  others  done  should  be  for  clinical 
reasons . 

D.  Referral: 

If  it  is  believed  clinically  necessary,  referral  for  further  workup  of 
specific  conditions  should  be  accomplished  within  the  usual  medical  referring 
system.  Only  very  unusual  circumstances  would  warrant  referrel  outside  the 
usual  system.  If  there  is  a  question  regarding  the  need  for  referrel  or  where 
it  should  be  accomplished,  consultation  may  be  obtained  from  the  U.SAFOEHI. 
Occupational  Medical  Consultant  at  AV  2^10-2002,  Commercial  (512)  536-2002  or 
by  electronic  message. 

E.  Cautions: 

1.  These  patients  have  a  tendency  to  a  great  deal  of  anxiety  based  on 
their  perceptions  of  an  assault  by  an  invisible  agent.  They're  usually 
unfamiliar  with  the  possible  results  of  an  overexposure  and  often  have  filled 
in  the  blanks  of  their  knowledge  with  generalized  fears  of  cancer  and  birth 
defects.  Unless  you  can  see  an  obvious  connection  between  a  finding  and  the 
exposure,  other  than  a  temporal  one,  the  exposure  and  the  finding  are  probably 
not  connected.  If  you  don't  know,  it  is  best  to  say  that  you  don't  but  that 
you  will  find  out. 

2.  Epidemiological  studies  to  date  have  not  demonstrated  any  long 
term  consequences  beyond  those  present  at  the  time  of  the  exposure. 

3.  Consultation  may  be  obtained  from  the  USAFOEHL  Occupational 
Medical  Consultant  at  Brooks  AFB  TX  AV  240-2002. 
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Hill  Ai-'H  lir  8'i090-5300 

Ur.A!-  Huspilal  HoUnman/GGt> 
Holl.jnaa  AFH  NM  HH330-930O 

HSAF  Ho:'.;,' i  ta  1  Homest'Md/SGP 
Hornr:; AFIi  FI,  33039-9300 

UHAF  HI  in  if'  Hiir- i  bui't/SGP 
Hut-ihir't  Fial.l  FL  3<99;? -5300 

KT'li: /GGF 

Ket.-nler'  A  KB  MS  3  9-j  39-5300 

HSAF  Clinic  Kpily/SGP 
Kelly  AFB  TX  78k 91-5000 

IJSAI''  Hospital  K  i  rt  iand/SGP 
Kir",  land  AFH  Ni'  8711  7-5300 

HSAF  HcapiCal  K  I  Gawyer/SGP 
K  I  :;awy.>r’  AFH  MI  49893-5300 

Wili'oid  Hall  HSAF  Mert  Cen/SGKFE 
Hack  land  AFH  T.X  7H23H-53OO 

HQ  I  AC/SGI’ A 

l.an^F'y  AFH  VA  ,'3665-5001 

HSAF  Hcnp.Cal  Haughl i n/SGP 
l.aughl  in  AFH  TX  7889  3-5000 

HSAh  Mo''.i)ital  Hoi'ing/SGP 
l.or-i'iy  AFH  MF  09751-5300 

IICAF  Clime  1,03  Angel('3/SGP 
f'.i.).  Hex  H.’OnO  Wciridway  Post  Cen 
I,c3  Arig.'l.'n  CA  90009-2960 

HSAF  Ciiiiic  Lowr-y/SGP 
l.c',vry  A  I- ft  Cf)  8O23O-53OO 

USAi'  Honpital  Icjkc/SGP 
Huke  A>-v,  A/.  8H309 -5300 


USAF  Rgn  Hospital  MacDill/SGP 
MacDill  AFB  FL  33608-5300 

USAF  Hospital  Malmstrom/SGP 
Malmstrom  AFB  MT  59902-5300 

USAF  Rgn  Hospital  March/SGP 
March  AFB  CA  92518-5300  , 

USAF  Hospital  Mather/SGP 
Mather  AFB  CA  95655-5000 

Hq  Air  Uni versity/SGPA 
Maxwell  AFB  NM  87117-7001 

USAF  Rgn  Hospital  Maxwell/SGP 
Maxwell  AFB  AL  36112-5309 

USAF  Clinic  McChord/SGP 
McChord  AFB  WA  98938-5300 

USAF  Clinic  McClel lan/SGP 
McClellan  AFB  CA  95652-5300 

USAF  Hospital  MeConnell/SGP 
McConnell  AFB  KS  67221-5300 

USAF  Clinic  McGuire/SGP 
McGuire  AFB  NJ  08691-5300 

USAF  Rgn  Hospital  Minot/SGP 
Minot  AFB  ND  58705-5300 

USAF  Hospital  Moody/SGP 
Moody  AFB  GA  31699-5300 

USAF  Hospital  Mt  Home/SGP 
Mountain  Home  AFB  ID  83698-5300 

USAF  Hospital  Myrtle  Beach/SGP 
Myrtle  Beach  AFB  SC  29579-5300 

USAF  Hospital  Nellis/SGP 
Nellis  AFB  NV  89191-5300 

USAF  Clinic  Norton/SGP 
Norton  AFB  CA  92909~5300 

HQ  SAC/SGPA 

Offutt  AFB  NE  68113-5001 

Ehrling  Berquist 

USAF  Regional  Hospital/SGP 

Offutt  AFB  NE  68113-5300 


USAF  Hospital  Patrick/SGP 
Patrick  AFB  FL  32925-5300 

USAF  Hospital  Pease/SGP 
Pease  AFB  NH  03803-5300 

USAF  Clinic  Peterson/SGP 
Peterson  AFB  CO  8091*4-5300 

USAF  Hospital  Plattsburgh/SGP 
Plattsburgh  AFB  NY  12903-5300 

USAF  Clinic  Pope/SGP 
Pope  AFB  NC  28308-5300 

HQ  ATC/SGPA 

Randolph  AFB  TX  78150-5001 

USAF  Clinic  Randolph/SGP 
Randolph  AFB  TX  78150-5000 

USAF  Hospital  Reese/SGP 
Reese  AFB  TX  79*489-5300 

USAF  Hospital  Robins/SGP 
Robins  AFB  GA  31098-5300 

HQ  USAF  Med  Cen  Scott/SGP 
Scott  AFB  IL  62225-5001 

HQ  MAC/SGPA 

Scott  AFB  IL  62225-5001 

USAF  Hosp  Seymour-Johnson/SGP 
Seymour-Johnson  AFB  NC  27531-5300 

USAF  Hospital  Shaw/SGP 
Shaw  AFB  SC  29152-5000 

USAF  Rgn  Hospital  Sheppard/SGP 
Sheppard  AFB  TX  76311-5300 

USAF  Hospital  Tinker/SGP 
Tinker  AFB  OK  731  *45-5300 

David  Grant  USAF  Med  Cen/SGP 
Travis  AFB  CA  9*4535-5300 

USAF  Hospital  Tyndall/SGP 
Tyndall  AFB  FL  32403-5000 

USAF  Clinic  Vance/SGP 
Vance  AFB  OK  73705-5000 
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USAF  Hospital  Vandenberg/SGP 
Vandenberg  AFB  CA  93437-5300 

USAF  Hospital  Whiteman/SCP 
Whiteman  AFB  MO  65305  5300 

USAF  Hospital  Will irams/SGP 
Williams  AFB  AZ  85240-5300 

HQ  AFLC/SGPA 

Wr i giit-Patterson  AFB  OH  45433-5001 

USAF  Medical  Center 
Wr  ight  -Patter’son/SGP 
Wright-f’atterson  AFB  OH  45433-5300 

USAF  Hospital  Wur-tsmi th/SGP 
Wurtsmith  AKB  MI  48753  5300 

USAF  Clinic  AIconbury/SGP 
APO  New  York  09238  5300 

USAF  Clinic  Andersen/SGP 
APO  San  Francisco  96334-5300 

USAF  Clinic  Ankara/SGP 
APO  New  York  09254-5300 

USAF  Clinic  Aviano/SGP 
APO  New  York  09293-5300 

USAF  Clinic  Bentwaters/SGP 
APO  New  York  09755-5300 

USAF  Hospital  Bitburg/SGP 
APO  New  York  09132-5300 

USAF  Clinic  Camp  New  Am;;tcrdatn/SGP 
APO  New  York  09292-5300 

USAF  Clinic  Chicksands/SGP 
APO  New  York  09193-5300 

USAF  Rgn  Mod  Cen  Cla^'k/SOP 
APO  San  Francisco  94)27*4  -5^00 

USAF  Me<l  Aid  Station  Comiso/SGP 
APO  Now  York  09694-5000 

USAF  Clinic  Fai rford/SCP 
APO  New  York  09125-5300 

USAF  Clinic  F  lorennc.;/SGP 
APO  New  York  09188-5000 


USAF  Clinic  Gielenkirchen/SGP 
APO  New  York  09104-5000 

USAF  Hospital  Hahn/SGP 
APO  New  York  09109-5300 

USAF  Hospital  Hellenikon/SGP 
APO  New  York  09223-5300 

USAF  Clinic  Howard/SGP 
APO  Miami  34001-5000 

USAF  Hospital  Inclrllk/SGP 
APO  New  York  09289-5300 

USAF  Hospital  Iraki ion/SGP 
APO  New  York  09291-5300 

USAF  Clinic  Ismlr/SGP 
APO  New  York  09224-5300 

USAF  Clinic  Kadena/SGP 

APO  San  Francisco  96239-5300 

57  FIS/SGP 

FPO  New  York  09571-2055 

USAF  Hospital  Kunsan/SGP 
APO  San  Francisco  96264-5300 

USAF  Hospital  Lakenheath/SGP 
APO  New  York  09179-5300 

USAF  Hospital  LaJes/SGP 
APO  New  York  09406-5300 

Det  1 ,  USAF  Hospital 
Capt  Henry  Woodcock 
APO  New  York  09194-5300 

USAF  Hospital  Mlsawa/SGP 
APO  San  Francisco  96519-5300 

USAF  Hospital  Osan/SGP 

APO  San  Francisco  96570-5300 

USAF  Clinic  Ramstein/SGP 
APO  New  York  09012-5300 

USAF  Clinic  Rheln-Main/SGP 
APO  New  York  09057-5300 

USAF  Clinic  San  Vito/SGP 
APO  New  York  09240-5300 


USAF  Clinic  Sembach/SGP 
APO  New  York  09130-5300 

5073  ABG/SGP 

APO  Seattle  98736-5000 

USAF  Clinic  Spangdahlen/SGP 
APO  New  York  09123-5300 

USAF  Hospital  TorreJon/SGP 
APO  New  York  09283-5300 

USAF  Hospital/SGP 

APO  New  York  09194-5300 

USAF  Rgn  Med  Cen  Wlesbaden/SGP 
APO  New  York  09220-5300 

USAF  Hospital  Yokota/SGP 
APO  San  Francisco  96328-5300 

USAF  Clinic  Zaragoza/SGP 
APO  New  York  98286-5300 

USAF  Clinic  Zwiebrucken/SGP 
APO  New  York  09860-5300 

HQ  USAFE/SGPA 

APO  New  York  09012-5000 

OL  AD,  USAFOEHL 

APO  San  Francisco  96274-5000 

DTIC 

Cameron  Station 
Alexandria  VA  22314 

HQ  SPACECOM/SGPA 
Peterson  AFB  CO  80914-5000 

HQ  ESC/SGPA 

Kelly  AFB  TX  78241-5000 


